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Dislocation Density Contour Plot 

T-l 412-1 10. 74«X + 3. 5«X»*2 
UNIT OF X AND Y-CN. 2-1 FER CM»«2 



Dislocation density contour plot for the 
parabolic thermal profile of Eq.(4-8), 8x7 
cb ribbon and an initial dislocation density 
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Final Dislocation Density Along the Ribbon 
Width for Westinghcuse Profile 


LENGTH = 12 CM. WIDTH = 3. 5 CM 
STAR FDR NO = 13 /CMx*2 
DIAMOND FOR ^0 * 5 /CM**2 
SQUARE FOR NO = 1 /CMx*2 
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Effective Plastic Strain Rate 


WESTINGHOUSE PROFILE. N0=0. 25/CMhk 2 
WIOTH = G CM. LENGTH =8 CM. fl/T-0. 
UNIT OF X RNO T = CM. Z=10 hk-5 PER SEC 
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Effective Plastic Strain Rote 


HESTINGHOUSE PROFILE. NO -0. 375/CM*k 2 
WIDTH » 6 CM. LENGTH -8 CM. fl/T-1.6667 MM 
UNIT OF X RND T=CM Z*iOk*-S PER SEC 
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Residual Stress XX Along Ribbon 
Width for Westinghouse Profile 





LENGTH = 12 CM. WIDTH = 3. 5 CM 
STAR FOR NO = 13 /CM**2 
DIAMOND FOR NO = 5 /CM**2 
SQUARE FOR NO = 1 /CM**2 
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ORIGINAL PAGE 

Deflection Shape 0f *>°* W*™ 


HALP-HlOfH 10-1.. LENGTH-®. 0 
OIAMETER OP OENORITES IS 0.0 INCHES 
CRITICAL THICKNESS - 0. 00525 INCHES 
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Deflection Shape 


HALF-HIOTH (0-1.. LENGTH-8.0 
OIAMETER OF DENORITES IS 0.2 INCHES 
CRITICAL THICKNESS - 0.057120 INCHES 
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Topics 


1 Dislocation Notion 

A) Prokit* Tomulation 

B) Calculation of Forces 

• C) Tracking the notion of a single Dislocation 

2 Dislocation Multiplication $ Density 


• A) Three Methods of calculations - based on resolved she'r stresses on 

each slip systen 

• B) Dislocation density by averaging the I shear stresses | in 0.5 cn. 

widths of ribbon.' (starting at x = 0.2 cm.) 
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Possible Dislocations in the Silicon Crystal 


burgers vector tangent vector slip plane type of dislocation 


<-l 0-l> 
<0 l" 1> 

<-l T 0> 
< 10 - 1 > 
<o-r-i> 
<1 r o> 
<o~r i> 
<1 r o> 
<1 0 1 > 


<-l 0-l> 
<01 1 > 
<1-1 0> 
<1 -2 - 1 > 
<0 1 1 > 
<1-1 0> 
<-lvQ -1> 

<-2 r -i> 
<-l 1 0> 
<0-1 -1> 
<1 0 1> 
♦■1 -1 2> 
<10-1> 
<-l -1 0> 
<0 1 1> 
<-l -2-1 > 
<0-1 -1> 
<1 10> 
<-l 0 1> 
<- 2-1 1 > 
<1 1 0> 
<-l 0 1> 
<0 -1 -1> 
<-l 1 -2> 
<0-1 1> 
<1 1 0> 

. <-l 0 -1> 
<21 1 > 
<1 1 0 > 
< 0-1 1 > 
<-l 0-l> 
< 1 -1 2 > 
<1 0 1> 
<-l -1 0> 
<0 1 -1> 
<-l -2 1> 


✓ 

✓ 


(-1 -1 l),left. screw 
» .left, 66' (-1200 / 

- .left, 60’ (+120’) 

= .left, edge 

* .left, screw 
= .left, 60’ (+120’) 

» .left, 60* (-120*) ^ 

= .left, edge 
= ,left, screw 
= .left, 60' (-1200 ^ 

= .left, 60' (+120 1 ) ^ 

= .left, edge 

(-1 1 -1), right, screw 
= ,righ£ 60* (-1200 

« .right, 60’ (+1200 

* .right, edge 
= .right, screw 

= .right, 60’ (-1200 / 

= .right, 60’ (+1200 

- .right, edge 
= .right, screw 

= .right, 60' (+1200 . 

= .right, 60' (-120’) ^ 

= .right, edge 

(-11 -1), transv., screw 
= .transv., 60’' (+120*) ^ 
= .transv., 60’ (-1200 S 
= .transv., edge 
= ,t ansv., screw 
= .transv., 60' (+120') , 
= .transv., 60' (-120*) S 
= .transv., edge 
= .transv., screw 
= .transv., 60' (-120')' ^ 

. , ansv., 60' (+1200 
« .transv., edge 


(10. Surface of the ribbon is (1 1 1) plane. 

(2) . Growth direction to the melt if ^2 -1 -1>. 

(3) . For the motion of the dislocations, 60' dislocations that have 

-120 degree with the burger's vector will be chosen because these 
60' dislocations may multiply themselves more than +120' type 60' 
dislocations as many investigators observed. 
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Assumptions 

(1) The density of dislocation at the liquid solid interface is uniform 

(2) The pulling rate of the ribbon is 3cm/min. 

(3) Dislocations can move only in active slip systems that have their 
resolved> shear stress higher than 95% of the most active slip system that 
has maximum Schmid Factor. 

(4) Average velocity of the dislocations in the presence "f other 
dislocations is almost same as the velocity of isolated dislocation. 
Equivalent to low dislocation density. 

^ (5) The velocity equation proposed by K.Sumino 
V - V 0 t exp(-E/kT) 

where E is 2.2 eV for 60‘ and 2.35 eV for screw, 

V 0 is 0.035 for screw and 0.01 m^ / MN.sec for 60’. 

is still valid at high temperature like around melting temperature. 
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Motion of the Dislocations Emerging to the Surface 

possible 60'dislocations emerging to the surface 


burger's vector 

tangent vecto: 

plane motion 

a/2(-l 0-1) 

(0 1 1) 

(-1 -1 1) left strong 

a/2(-l 1 0) 

(0-1 -1) 

(-1 -1 1) * 

a/2(-l 1 0) 

(10 1) 

(-1 -1 1) split 

J2{ 0 1 1) 

(-1 0-1) 

(-1 -1. 1) right weak 

a/2( 1 0-1) 

(0 1 1) 

(-1 1 -1) right strong 

a/2( 1 0 -1) 

(-1 -1 0) 

(-1 1-1) * 

a/2( 1 1 0) 

(0-1 -1) 

(-1 1-1) * 

a/2( 0 -1 -1) 

(i ro) 

(-1 1-1) right weak 

a/2( 0 -1 1) 

(-1 0-1) 

(1-1-1) right strong 

a/2(0-l 1) 

(-1 -1 0) 

(1-1 -1) left strong 

a/2( 1 0 1) 

(-1 -1 0) 

( 1 -1 -1) left weak 

%/2( 1 1 0) 

(-1 0 -1) 

(1-1 -1) left weak 


* ; These are forced into the liquid 
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Calculation of the Density of Dislocations 
From the K. Sumino's equation of dislocation multiplication 

dNm = K Ko Nml (Ta-G b SQRT(Nm2)/ p }(m+ \ ) e xp(-Q/kT) dt —(A) 
where K,Ko,b, P ,m, X ,k,Q are constants given by K.Sumino 
Nm’s ; dislocatioiTdensity 
Nml ot source density 

Nm2 is the density controlling the back stress 
Ta ; applied stresses 
T ; temperature 
G ; shear modulus 
t ; time 

Three possible ways of application of the equation (A) 

(1) Nml and Nm2 are total density of dislocations 

(2) Nml is the partial density of dislocations on each slip system and 

Nm2 is the total density of dislocaitonsr 

(3) Both Nm's are partial densities of disloations on each slip system 
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Method Calculating Dislocation Density 
Nmj Nm2 


(1) J.-> RSSj ]][ total density =Nmi = Nm2 

dNm = dNmj = dNm2 

f 

(2) l->RSSj ]U_ total density = X (Nmi)i = Nm2 

dNm2 = £ (dNm)j 

1 T 

(3) J^>RS$i J1L total density * X (Nmi)j = X (Nm2>i 

(dNmi)i * (dNm2)i 


h 


/ 
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advanced silicon sheet 

Averaging the |ra| in Calculating Density 



center c ^8 e 

column 1 *, * , column 2 ♦ column 3 , 0 
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Nine Slip Systems 


burger's vector 

slip plane 

type of plane 

a /2 ( 1 0 1 ) 

(- 1-1 1 ) 

left 

a /2 ( 0 1 1 ) 

(- 1-1 1 ) 

left 

a /2 (-1 1 0 ) 

(- 1-1 1 ) 

left 

a /2 ( 1 0 - 1 ) 

(-1 1 -D 

right 

a /2 ( 1 1 0 ) 

(-1 1 - 1 ) 

right 

a /2 ( 0 1 1 ) 

(-1 1 -D 

right 

a /2 ( 0-1 1 ) 

( 1 -1 -1 ) 

transverse 

a /2 ( 1 0 1 ) 

( 1 -1 -1 ) 

transverse 

*/ 2 (l 1 0 ) 

( 1 -1 -1 ) 

transverse 




iMA 
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Density of Dislocations When NO is 1 at x = 0.2 cm 


. TW 6 Of DIOLOCflTI ON, B-H /2 (4 1 O') . T» U 1 1 - 4 ) 

T- 0 . 225 -STAB. Y» 0 . 75 -OlftHONO . f« 4 . 275 - 3 QURB. US 4 NC HV£ftG. $TAC 33 
X 

3 . 25 - 

■ □ ♦ * 

■o • • 

■ a o * 

3 . 00 - o * * 

■o • + 

- □ • • 

- □ • # 

2 . 75 - 0 2 k l 

i : if\ : 

2 ' 50 ‘i : / \ : 


2m 25- Q ♦ 
■0 ♦ 
0 ♦ 
-0 ♦ 
- Q o 

2. 00- a ♦ 
■c • 
•a o 
•a o 
« o • 

1.7S-0 ♦ 

■O ♦ 
•0 ♦ 

1. SO- o i 


K25-Ti • 


0. 50- • 


(ill) 


(HD 




0«.^V 



0 100 200 300 <00 SCO BOO 700 


UNIT OF X IS CM ; Z IS DENSITY IN 1/M **2 
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f Density of Dislocations When NO is 1 at x = 0.2 cm 

i 


. TT#€ OF OttLOCfUION. B-A/2 (0 1 lJ.T-CO I t -1) 

r-o. 22BrS«m. r«o.7s-o»moHo . r- 1.275 -*ouno, Mine t*£*G. stress 
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Dislocation Multiplication by Stress Averaging Over 0.5 cm 


Dislocation 

Im 


Multiplicatior 

Factor 

Jl 

1 

Tub# 

Center 

Kid-Width 

Edge 

[1013 

11113 


L 

750 

50 

1 

10111 

[Jill 


L 

2.5 

3.5 

5 

11103 

11113 


L 

23 

1 

2 

1110.3 

[Jill 


J 

750 

50 

1 

11013 

11111 


R 

12 

1 

50 

1C.UI 

11113 


H 

1 

2.5 

35 

11013 

UJ]3 


T 

1 

3 

24 

11103 

11113 


T 

2 

3 

10 

10113 

till! 


T 

1.5 


37 


Calculations started at x=0.2 cm. 
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Cz Temperature Dependence 



TEMPERATURE (deg. 0 


Cz Strain Rate Dependence 



IE-6 1E-S IE-4 

STRAIN RATE (/sec) 




R. S. STRESS (0. 27. of fset/u. y. p) (MPo) R. S. STRESS (MPa) 
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Cz Temperature Dependence 


IE-03 



1 I I I T 

.65 .7 .75 .8 .85 

1000/T (/DEG. K) 

Web Ribbon: Strain Rate Dependence 
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l 


IE 1J 


O 1000C 
□ MOOC 
- 1150C 
* 1200C 


N, : 2*lO i cwC 1 ' 




IE Oh 


IE-6 


strain 1e ra:e (/sqo 


IE-4 


R. S. STRESS (0. 2% offset/u. y. p) (MPa) 
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Web Ribbon: Temperature Dependence 
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